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した．その結果，尺骨コンポーネントステム先端周囲骨組織に肘関節角度 30°で 12.3 MPa，
50°で 10.5 MPa，70°で 9.9 MPa，90°で 9.8 MPa の応力が生じ，上腕骨コンポーネントステム
先端周囲骨組織に肘関節角度30°で1.50 MPa，50°で0.90 MPa，70°で0.68 MPa，90°で0.52 MPa
の応力が生じた．尺骨に生じる応力が約 10 倍であった．Burr D.B らの報告では骨リモデリン



































（Fig. 1）8-11）．ステムのなかった type 1，2 を改良し，
ステムつきの type 3（ステンレススティール製），
type 4（チタン製），現行の type 5（コバルトクロ
ム製）と，材質とコンポーネントデザインの改良が
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ル作製ソフトの Pro ENGINEER を用いて有限要素












て 4 面体 1 次要素で構成されるモデルを作製した．
人工肘関節モデルは Kudo type 5 short stem type
とした．Kudo 人工肘関節コンポーネント，上腕骨













Fig. 1　Kudo type-5 total elbow component
The design is surface replacement type and the components are not linked. The 
design of the joint surface of Kudo type is composed of saddle-shaped components 
which distribute the axial loads from the forearm to soft tissue, ligaments, joint 
capsule, and muscles. The ulnar component has lateral to medial free motion on the 
joint surface, during elbow ﬂexion and extension. However this unlinked implant is 
constrained for high rotational torque.
Fig. 2　Musculoskeletal model of the elbow
The elbow ﬂexors are brachialis, biceps, and brachioradialis, and triceps is the elbow 
extensor. For the shoulder joint, deltoid was configured for the purpose of limb 
positioning. The musculoskeletal model parameters were configured for a typical 
adult male, including humerus thickness, ulna length, arm weight, and muscle 
attachment positions of each bone. The load held by the hand was one that a patient 
can comfortably hold after elbow arthroplasty. The wrist joint was ﬁxed at θ2 ＝ 15°, 


















すべて von Mises 応力で示した．本研究では，東
京工業大学大学院理工学研究科機械制御システム専
攻研究室と共同研究を行っており，有限要素法の応




Table 1　The parameter of muscloskeletal model of elbow
distance from rotation 




F1 104  6.2
F2  50  5.3
F3  35  4.5
F4  82 11.5
F5  47  2.8
F6 153  1.5
Geometrical and Mass-inertial Characteristics of the Upper Human Limb
　 arm forearm hand
Mass［kg］ 1.76 1.05 1.76
Length［mm］ 240 230 1.73
The parameter of muscloskeletal model of elbow （in general human, male, 
height 170 cm, weight 65 kg）
PCSA; Physiological Cross-Sectional Area
Fig. 3　3D-ﬁnite element models
A 3D-finite element model was created in accordance with a template of the Kudo elbow 
arthroplasty component. Additionally, the humeral, radial, and ulnar 3D-finite element models 












　尺骨では，肘関節角度 30°で 12.3 MPa，50°で
10.5 MPa，70°で 9.9 MPa，90°で 9.8 MPa の応力が
尺骨コンポーネントステム遠位部周囲骨組織に生じ
た（Fig. 5）．上腕骨では，肘関節角度 30°で1.50 MPa，

































ポーネント遠位部骨組織に約 10 MPa の応力が生じ
た．Burr D.B ら27，28）の報告によると，骨リモデリン












置換術後，肘関節を伸展しての物体把持は 2 kg ま
でと制限することが多く，1 kg の物体把持では肘関
節角度の術後制限は必要ないことが明らかとなった．
Fig. 4　 Muscular strength and reaction force at each 
angle of elbow joint
The muscle strength required for maintaining 
position and reaction force of the joint fric-
tional surface reached a maximum value at the 
elbow joint angle of θ1＝30°. As the elbow 
angle increased, the muscle strength required 
for maintaining the position and the reaction 
force of the joint frictional surface have 













Fig. 5　The result of ﬁnite element method of the ulner site
Ten MPa stress occurred in the bone tissue surrounding the distal end of the ulnar component （in 
circled area）. This stress value was about ten times as much as the humerus bone.
Fig. 6　The result of ﬁnite element method of humeral site
Stress occurred in the bone tissue surrounding the distal end of the humerus component, but the 
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BIOMECHANICAL APPROACH OF UNLINKED TOTAL ELBOW ARTHROPLASTY 
AT EACH ANGLE OF THE ELBOW BY COMPUTER CALCULATION
Gaku NIITSUMA, Jun IKEDA, Hiroki NISHIKAWA,  
Yuki USUI and Katsunori INAGAKI
Department of Orthopaedic Surgery, Showa University School of Medicine, Tokyo, Japan
Hitoshi KIMURA and Norio INOU
Department of Mechanical and Control Engineering, Tokyo Institute of Technology, Tokyo, Japan
　Abstract 　　 This study was aimed to evaluate the biomechanical stress distribution within the bone 
tissue surrounding an inserted total elbow prothesis in resurfacing Kudo-type 5 total elbow arthroplasty 
using computer calculation.  The elbow prosthesis was inserted and, while holding a 1-kg mass, scenarios 
in which the elbow joint angle （30°, 50°, 70°, 90°） was quasi-statically changed from an extended to a 
ﬂexed position were generated on a computer.  For each elbow angle, the minimal muscle strength need-
ed for maintaining the limb position was established.  Biceps muscle was assumed to be the elbow ﬂexor, 
and calculations were performed.  Furthermore, the reaction force on the frictional surface of the artiﬁcial 
joint was calculated.  Using these results, a ﬁnite element model was created with 3D-ﬁnite element mod-
els, and stress distributions of the humeral and ulnar bone tissues were assessed.  Our results revealed 
that about 10 MPa stress occurs in the distal surrounding bone tissue of the ulnar and humerus prothe-
sis.  Ulnar bone stress was 12.3 MPa, 10.5 MPa, 9.9 MPa, and 9.8 MPa ; humerus bone stress was 1.5 MPa, 
0.9 MPa, 0.7 MPa, and 0.5 MPa on 30°, 50°, 70°, and 90°, respectively.  The ulnar bone stress value was 
about 10-fold that of the humerus bone.  A higher stress occurs in the distal surrounding bone tissue of 
the ulnar component, than the humeral component, which is about one-tenth in size.  However, Burr re-
ported that bone remodeling occurs at 20 MPa, so the ulnar and humerus bone stress values are not sig-
niﬁcantly high levels to inﬂuence clinical longevity.  This study indicates that Kudo total elbow arthro-
plasty achieves excellent results clinically and biomechanically.
Key words :  unlinked total elbow arthroplasty, ﬁnite element method, biomechanics, computer simulation
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